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o ..\\ he Apollo—Sc;'yuz Tes{ Pro_|ect (ASTP)~whrch ﬂew in July l975 amused
S consrderable public:interest; first, because the space rivals of the late 1950’ s |
‘and 1960 s were, worklng together ina Jomt endeavor, and second, Because | .
_ o ‘{ ‘thymr mutual efforts included developlng a space, rescue system The ASTP
o -'also included srgmﬁcant scientific experiments, the resultsof whlch can be |’
- ‘ l.lbep in teaching blology physics, and mathematics in schools ind colleges .
is series of. pamphlets dlscussmg the Apollo-Soyuzmrssron and experi-/ -

”l.’.tv-'.'_m; isa set of curriculum supplements designed for teachers, supervisors,, = S ’ o
S N l’ ulum speclahsts and textbook wnter-\s well as for the general publlc R S T
-'Neether textbooks nor’ courses of study, these pamphlets are 1ntended (R N L

S 'refetencesto standard textbooks ‘and cleardescnptlonsof space expepmen s RTI

- . Inasense, they may be regarded asa pJoneenng formof teachlng aldL Seld;

o has thq&e been such a forthright: effort to provrde duectly to teach S, .
curriculum-relevant reports of current scientific. research. Hi h sc. ot ‘f' N
‘.-'teaché\rs ‘who réviewed the texts suggested that advanced students 6, are . o . o
mterested m1ghtbeassrgned to study one.pamphlet‘and report on it o erest. M . '\‘\ Lo s

"

- A of - the' class After:class ‘discussion,’ students might be assrgned (wrt.out.‘:--»j._ T
ERER acc;ssto the pamphlet) one Or more. of the “Questlons f&s r-Discussion” for
' N fotmal. br.nfformal answers, thus stressing: the appllca ion of what wasfﬁ‘:
o '.prevrously covered in the pamphlets. - B T
S Theauthbrsofthese pamphlets are, Dr LouerllamsPage ageologlst and < e
.. . .Dr. Thomton Page, an astronomer. Both haye taught | Science at several . .. ‘
- ) unive es,and have published l4bookson sc1ence forschools colleges andr L
T «,the gen lreader lncludlng a reaent one on space scrence v L R ~
Techmczill1 assrstance to the: Paées was provided by the “Apollo- Soyuz- A
L Progiam' S l:entlst Dr. R. Thomas Giuli, ard by Richard R. Baldwin, - L
e ’-W WllSOI’I ;auderdale, and Susan N. Montgomery membeérs of the group at N
 the NASAL'nd n B. Johnson Space Center in Houston whlch orgamzed.the' ST
CUe L scientists’ partrc%atlonmthe ASTPandpubllshedthelrreportsofexpenmen- C o I IR
g tal resultsle ' ST
) .+ - '\ Selected teachers from hlgh schools andurversrtlesthroughoutthe United " S vy /' /
v S States revrewed the pamphlets infdraft form, They suggested changes'in - . . - o | AN
‘ oo wordlng,, the' addltlon o£a glossary of te/rms unfamilidr {o.students, and. - ‘ R
© LU improvendents in d1agrams ‘A list of the teachérs.and.of the screntlfic inves- . el
et “tigators who reviewed the taxts for"accuracy follows: this Preface. , -~ . ., . ; oL
This set of Apollo-Soyu pamphlets was initiated and coordinated by Dr. = o B
S FredenckB Tuttle, Director of Educational Programs, and wassupported T I R
" - ~the’NASA Apollo-Soyuz Program Office, by Leland-J. Casey; Aerospac R \ S
o Engmeer for ASTP, and by William ‘D. Nixon,- Educatronal ngramsf SR N
RO e Ofﬁcer all of NASA Headquarters in: Washlngton D. C G e

\\ i
S TN
. ~




operauons and Chester M~Le§~A§:[;Engram Dlrector,,‘ ‘Hgadqu
) .whoshnterest m lhlS educauonal endeavor’ made lhlS pubhcatgg_q poss
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Teachers N , R
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~ Stuart B(myer_, University of Cahfomra at Berkeley, Berkeley, Calif
- Bill Wesley Brown, Cahfomra State Umversrty at Chrco Chico, Cahf
Ronaldl Bruno*Crerghton Preparatory School Omaha, Nebr. =3/

Robert F. Collms, Westem. .States Chrrograc c’College, Portland Oreg,
'B.-Sue CnsWelL, Baylor College of Medicine, Houston, "Tex.’

p.. . T/ M. Donalpe University of Michigan, Ann Arbor, Mich. R ‘

. David W. Eckert, Greater Latrobe Sénior High School, Latrobe Pa

- Lyle N. Edge,’ Blanco Hrgh School,’ Blanco,;Tex . .
Yictor B. Erchler, Wichita ! State University, chhrta;. Kans - 1 - ,‘ -
.- Farouk El- -Baz, Smrthsoman Institution; Washrngton D.C.- e
D Jeroine Frsher. Emeritus, University of Chicago, Phoemx *Anz -
_R. T. Giuli, NASA: LyndonB Johnson Space Center Houston Tex.

Wendy Hmdm North Shore He'brew Academy, Great Neck, N Y ’
Tim C. lngoldsby, Westsrde High' School Omaha' Nebr' QS
- Robert H. ‘Jolins,. Academy of the New Church Bryn, Athyn, P3
- D. ). Larson, Ir., Grumman Aerospace,fethpage N:Y. - : .
M. D. Lind, Rocky vell Intergational Sciefce Center, Thousand Oaks tahf N
“R. N: Little, Uni rsrty of Texas, Austm Tex. -
Sarah Manly, Wade Hamptonfligh Sthool, Greenvrlle s. c
Kathenne Mays, Bay Clty lndependent School Dlsmct Bay Crty, Tex
lane M. Oppenhermer, Bryn Mawr College Bryn Mawr, Pa ) .', . _
T l Pepin, Umversrty of=Wyom1ng, Laramie, Wyo. .© .~ - % T i__ﬂ‘

FEC

-_eth Sllulrrian ‘Naval Research Laboratory, Washington, D.C» - - <
: amesW Skehan. Boston College, Weston, Mass RNy -

; -{ Robett S. Snyder NASA George C Marshall Space Flrght Center, Huntsvrllef Ala
lacquelme D. Spears, Port Jefferson Hrgh Sctioal, Port Jefferson Statron N Y

b "Rm L. Stewart;. Mo/tlcello "High Scheol,; M0nt1cello, NY. *

Alethg,Stone,\Fulmore lumor l‘lrgh School; Aus.tm Tex S R .

-G. R»T: lQr,”l;l&SA Lyndon‘B :lohnson Space Center; uston, Tex v

Ce

o JacobT. Troj a, D NASA Robert H Goddard Space Flrght Center, Greenbelt Md

% F 0. Vonbiih? *NASA Robert H. Goddard Space Flight: Center, Grcenbelt Md..

- T. F. Budinger,” University of California at Berkeley, Berkeley, Calrf o :'."f~_ o

“M.'D. Grossr, Smithsonian. Astrophysrcal Observatory, Cambndge Mass .

'H. W, Scheld, NASA byndon B. Jghnsog Space. Center, Houston, Tex I O

Douglas Wlnkler, Wade Hampton Hrgh School Greenvrlle, S C G ‘5 S
\ Lo L :
’, O \ ’ - ST X

-



b *

RN vj_Ap_p'evndlx A

L L : v B .
. - V. ) .
y .’.". v Lo . .
L e T o= -
S - oo i K f L
: . S e » . - e
el : PR . K % ¢ .- .
REraN A ) ‘ P . . K
et : o - i
. ) ’ ST ) A
R BE . e ) - B
- . e A > : p
Y PO .. . b . - . .../ T 1 L
ok ;\:i? : L -w‘. - co % .
R Y DA . 5 S P . ) : .- ~
L. » . . . A
L . . ‘ .- ’- | ' '
g‘ A ! o DR .
L . Kl L :
v — v N

Sectlon 1

o )‘Introductron ...... RUTRATRS R

” __: Sectlonz ' :| ‘

,

v
N ".r
- P

“Up” and: “Down’” for Fish i in Zero- N o TR o)
CAL Plan for the MA-161 Expenment KrllmshuHatchrng and
/Onentatron .......
Bt Experiment MA-161 on’ ApoIIo Soyuz ... '.-,'.-. S
C Postflight MA-161 Tests and Dissections . [

D Questlons tar D|scuss|on (FlSh in Zero.ﬂg)
.V

‘Section3

Mtcrobral Growth in Zero -g: Change in Blorhythm SURUNID I ORSES I

T A.. Zone- Formrng‘Fungl Cultures T P ~.' 1.
E§ Experlmen&tMA 147 Results Microbial Grthh Rates e 14 :

-G Questlons for. DlscuSS|on (Fung| Spores) ..... e h e e 17 ,. '

Section 4 "

S Separation of Cells by EIectrophoresrs e e g 19

- Difficulties Caused by Gravity ... ......... SO~ B T

- Experiment MA-011, Electrophoresrs Technology 22 oo
- Experiment MA-011 Results .....o.0..........0. P R~ N

" Experiment MA-014, Free-Flow. Electrophoresls - i
Questlons for Dlscussron (EIectrophoresrs) ..... '. v .. 258

mDC@?

- — — , — — — 4
L ,;"Section‘5' g Mlcrobes at Large in the Spacecraft TS Aeer
S : : ' L \A Jornt Experiment AR-002,: Mlcroblal Exchange A PN ORI

.- B. Experiment AR-002- Results™ .. ... 0. .0 v ivennn ceeseeaa. 2300
, C Questrons for Dtseussron (Mlcrobes Immunrty) 33 ;
.'Sectlan 6,\ e Changes in Astronaut Immunity During.- Spaceflrght ................... 35

R A.: Experiment’ MAZ032, Polymorphonuclear Leukocytes .. U - TN

L ' Lo ,B' Expenment MA-031, Cellular immune Response e e .. 360

.G Questlons for Dlscussron (Leukocytes and Lymphocytes) ..... L .37 =

' ,_.Duscussron Top|cs (Answers to Questlons).. e L ::.".,38" '

SJ Units and Powers of. 10. NI - et 41

':’!Glossary . e e e .v.‘ e See i ;:44‘_ )

ff, b

7 AppendixD
2 i S

3 A

Further Readlng s

) N ’ K S L - Sl Vo
. . . . Ce K SR o ) .
2
.



Figutes - -~

..v o ~~'v 3 .~ - ..'_:-: o "". .‘ " - :

o Table 21

S22 "o

f MA- 161 Experlment Packages R R S UL AR

Lo .Flguro21'-"

Flguro a. 1' .

32
L33
",.". 3_4

35

_77 _“

- Double Rings of Streptomyces /evons S’Eor

: Postfhght Photographs of Streptomyces levens

Times for 75 Percent of Mirnow Eggs to Hatch el e T

' Mlnnows in Rotating Drums ... [ RS S -6
X MA 161. Experrment Package Flsh}and'Egg Packets ¥7 oo

.Cultures inthe US.SR. wivenvvnts s P SN IR PR
" +Postflight Pho;oéraphsoIStreptomyces lev ris” L - : ‘

‘Cultures in the United States .........~...|....0... e o s e 18 |

Streptomyces levoris Growth Rates . .4 PRI L 15

s ... @ Flald 167

_.Figure:4.1 +
T2
.4.‘.!‘\§ll'
ST S
Tl 4

- 5.2°

- 53
5%‘%-

- Figure 5.1 - .

- Expefiment MA-147.Temperature Changés Euring the Fllght L4

- Static-Column Electrophoresrs“ and Separatron Bands R R '19_,"
- Free-Flow’ Electrophoresls O TN t e 21 T
- *" MA<O11. Electrophoresis Unit-With, Camera e e :
# MA-011 Electrophoresis Plug-In Statrc Colurpn .;..". .. .T; R S 24/ Yo
Flight Photogralph of MA-011 Column s ... TR L

MA- 014 Free Flow Separatron in Zero g D 4_“_ e il 280

Experrment AR 002 Swab ...... S e Li RO s Cianend ;'68 ar
-+ Number of Bacteria in Skin’ Swabs From the! Apbllo Soyuz

' Crewmembers...-;»....-..................A. 729 g

Number of Bacterla in Swabs From Exposed Spacecraft SRR

SURACES | .t o ORI | I

i

Number of Haemoph/lus Cells m Astronauts, Oral Cavrtres - R 32

g IR
v - "
Lo



s ' s

'_Gree

' .'; ) Lyndon B. Johnson Spac_, ?

Adniinistration (NASA) and the U.S.S.R. Academy of Sciences, the‘Apollo:
andSoyuz spacecraft were launcl’fed onJuly 15, 1975. Two days later at 16:09

tained the other crew (one ata tlme) at a meal of typlcal American ¢r Kussian'

: food These activities aq‘: the physncs of reaction mbtors ‘orbits around the T
nes (zero-g) are described more fully in Pamp,hlet | S
~ **The Spacecraft, Thejr Orbits, and. Docking’* (EP-133). . _—
.., Thirty-four expenments were performed while Apollo and S u{ were in . . .
= .'orblt 23 by astrofiauts, 6 by cosmonauts, and'5 jointly. These eéenments in
..space were-selected from 161 'proposals from sc entlsqs in nine different
- countries. They are listed by number in Pamphlet I, and groups of two or more - o
are. descnbed in deta1l in Pamphlets ll through X (EP-134 through EP-141, -
‘ rcspectlvely) Each- expenmgnt was directed by a Pnnclpal Investigator
- assisted by several Co- lnvestlgators, and the detailed scientific result have
" been' published by NASA in two reports: thg Apoll&Spyuz Test olect
" Preliminary Science Report (NASA TM X=58173)-and the Apollo-Soyuz Test:
,roject Summary Science Report (NASA SP-412). The snmphfied accounts L
. givenin these pamphlets have been' revrewed by the nclpal lnvestlgatqrs or '

‘Earth, ‘and weightless

~'one of the Co-Investigators.

* For blologlcal expenments the ma]or advantage in the Apollo Soyuz' :
spacecraft was welghtlessness or zero-g.. Another feature that matle the
~ spacecraft d1fferent from ground- ‘based laboratones was, the ¢osmic- -ray o
~_:flux——a bombardment of high-energy i ions, dlscussed in Pamphlet VL. Zero-gu -
- was known to affect humans in several ‘ways.. How. would it affect smaller‘ :

- living qrgamsms" How could it be used to improve biological techmques" In.
.addition, the small, sealed spaces where ‘thesthree astronauts - and two ¢os- o
monauts hved for 6 to 9 days provided ideal conditions for expenments with .

the mlcrobes that live in and on human beings. The seven biological experi-’

After 4 years of preparatlon by the U. S\thlonal Aeronautlcs and Space '.

mean‘time on July 17, after Apollo maneuvered into the same orbit -
as Soyuz, the two spacecraft were docked The astronaiits and cosmonaiuts - o
* then miet for the first international handshake in space, and each Crew enter-

N " ments on Apollo- Soyuz wore -all concerned with a larger questlon what
- _happens to living orgamsms on long flights in space?. :

Exper?nem MA-161, Killifish- Hatchfng an Onemauon,‘ observed the '

one in West Germany.. 1 -
Experiment MA-147, Zone-Formmg Fungr, was a ]omt Amencan-Sovnet

; '.expenment on the growth rate of’ mlcroorgamsms in-zero-g. The American
annclpal ln)/estlgators ‘were G. R. Taylor.and T. D' Rogers of the NASA -
-entet\ (JSC) in Houst ‘lexas “The Russlan o

_ 'effects of zero-g on fish eggs and small fish. The Principal lnvestlgator was-" '
H. cheld of the. Baylor- College of Medicine in Houstory, Texas, He was .
" assisted by 11 Co-zlnvesnﬁtors from five umversltles in the Umted States and
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, Pnnclpal lnvestlgator was l G Akoev of the Sovnet lnsutute of Blologlcal
T stncs it Pushino, near ‘Mascow. Bl o
M Experiment MA- 011, Electrophoresis Tecimology, tested the statlc,column S
R technique for separating blodd gells and kidney CC"SII\ ro-g: The Pnncnpal R
"¢ Investigator. was R. E.. Allen of ‘the NASA George €. Marshall-Spacé . . e
. . Flight Center (MSFC)" in Huntsvnlle Aldbama. He was - assisted by 13".’-'% RS
Qo o R -, . ~Co-lavestigators from. seveml umversmes ‘and comrnerclil companies. ‘ B
o f ¢~ Experiment MA-014, Electrophoreszs. tested #ye ffeg-flow electrophoresls TS K
RS P techmque for separating blgod cells’in. .zerg-g. The Pnnclpal lnvestlgator oy
oot ® 0o "0 K, Hannig, and one Co- ~Investigator were from thg Max Planck,lnstltute off o e
A i— ST Blochemlstry in Munich, Germgany: - o

o R L . Expenmem AR- 002 .Microbial Etxc)xan?g. another Jojnt expenment/ a :;‘
e TP A o checked the transfer and multiplication of microbes in Apollo and'Soyuz. The; ¢ "= - .
G e+ 77 *American Prineipa lnv/est‘gator was G. R. Taylor of JSC, who was assisted =~~~

. by Biologists from several U.S. laborét('mes. The Russian Principal Invés- o

E .« - -tigatorwasS. N. ‘Zaloguey of the lnstltute of Blomedlcal Problems U S S R«

o . R 'Mlmstry of Health, Moscow. . \f' SR IO
L U7 w ., Experiment\MA- 031""‘C871u1ar Imhume Respnse, detected changes in:

S U astronaut immunity during' the Apollo -Soyuz mission. ‘Fhe Principal Inves!

e e S :'m - -ugator was B. Sue Criswell of the Baylor College of Medicing in Houston. O
AR st Experiment MA032, [:'jfects ofSpaceﬂ:ght on Polymorphonuclear Leyko- T
.. ... ¥ cjte Response, checked leukocytes in the astronauts’ blood during and after . . N
ottt the mlsslonfThe Pnnclpal lnvestlgator Was R R Mamn of the Baylorv o .

e e - 'College of Medicine.- .
A VR The cosmbtnauts also performed three blologlcal expenments in whlch the.-.
A D [ X astronauls were not involved (see Pamphlet ) B .
S Sl () m expenmennon the growth.and’ mobility. of ‘the" bactena Protea S e
ST T valgaris studled the fesults ofaddmg various hutrients to a culture i in zero-g. * T
S T T (2) An experiment on the growth ofDanyo Reng ﬁsh in zero- gwas snmllar- RN
S. 0T w7 to Experiment MA-1611 : SRR '
L ' o (3) An experiment ‘on tHe genetlc effect of z€ro- g on: cell dwns:on and
Lo . lproutmg seeds 1nvolved observatlons of Chlum)domonada zygotes and two s

.. i i species of seeds. ‘ R . S

" ) SRR, * Ground-control spet;lmens were n('ntaxn ot all the Apollo Soyuz '_ LT
RS U 5!nologtcal expenmefits elther in the Umted States or the U.s. S R or'in both S

R R countnes SRR . AR (I r.. : EES
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2 “Up” and “Down” for FlSh

|n Zero EEETE SR

There 1s no' “up and “down “in an. orbltmg spacecraft loose- obje’ms and
astronauts :*float’™” amund Welghtlessly and water will ot stay in an ordmary
" cup. Dunng the carly part of a flight; thls zero g condition is- confusmg to’
astronauts and. cosmonauts but after aday or so, they adapt b welghtlessness
Sumlar adaptatlon was .observed in"two- small fish take along on-the -~
Sloylab 3 mission. The fish were carried in seawater ina plastrc bag fastened
a locker door. During the’ first™2 or 3 days of welghtlessness they sw
rapldly in loops and circles, obvrously confused. In their.fiormal shallow
water ‘on Earth at one-g, these mifinows ‘would remain horizontal, Wllh their
backs up and bellles down, After about 3 days in Skylab, they decnded that the
dark locker door was **down”’ dnd swam mostly with their bellies facmg the

" door. The minnows requlred shghtly more tlme to adapt to zero-g than" the
L _lastrohauts did.

The MA-161 Experlment on Apollo Soyuz was desrgned to lnvestlgate ‘this

: adaptatlon further, using the same strain-of minnow (":killifish,” F undulus.

heteroclitus from Beaufort, North Carolina) and its: unhatched eggs. This
parttcular species of fish has been studied extensively by biologists, and the
“manner ‘of ‘its. develop’ment from eggs.into- embryos‘\ls ‘well known. In
" particular, the blologlsts know at what time each part of the- embryo starts to

. develop. One part of i 1mportance in this study was the vestlbulprorgan ineach o

ear, whleh controls an individual’s balance and'sense of which way is down.’.
There are thre:}small calcrum’ earstones ‘or **otoliths’” in the vestibula on
head. They:start to form 66 hours after. the eggis fertilized.
-.The vestibular organ s devcloped by 128 hours and functioning after 216 -
* hours, After 336 hours (14 days) the egg-hatches, producing a **hatchling™-
about 1 centlmeter long. The.hatchling is mostly head; the body and, tall are

and is called a*‘juvenile.’’. In-another few mbnths the adult mmnow is about.
I0 centimeters Iong. fuIIy grown o e

A

' Plan for the MA-161 Experlment R

K|II|f|sh Hatchmg and Orlentatlon

‘.

The ObjeCllVC of E)Xenment MA-I6I was to dlSCOVCl‘ whether zero g affects
fan embryo in such a way that aminnow, when hatched is

BSCSHY, Ch 29 BSCS-B Ch 15.- (Thmughout thns pamphlet references'wﬂlbegwen to
key topics covered in these’ tWo standard textbooks: **Biological Science: An Inquiry Into Life,”
Bialogical Sciences Curriculum Study, Yellow Version (BSCS-Y), third edition, Harcourt,

Bridce, and Jovanovnch,gl973 and '*Biological Science: Molecules to Man,”” Blologlcnl :

Sciences Cumculum Study, Blue Vemon (BSCS-B), Houghton Mifflin Co.. 1943.)
A e e

f

1

’

;
e
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' very small, “Three or four weeks later, the new fishis 2 or3 centlmeters lon ‘g o -.'"'
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not confused because there is **no’ up or down " lf the development of ,
. earstones were retarded ‘or somehow changed, the hatchllng would havg.no. - . Co
" sense’of “down" and would riot_be confused by zero-g.-Scientists also._

~ suspected that zero- -8 mlght affect the development of the - vestibula and -
"possibly the llttz‘_e otollths inside it. Formatlori of the otoliths. mvolves calc1um Lo
. deposits in the embryo Aloss of calcium had previously béen observed in -

- ‘astronauts after long spaceﬂlghts, ‘and this effect on humans mlght be dupll-
cated in the development of the fish embryos,

Because the Apollo-Soyuz ﬂlght ‘was only 9 days long and Fundulus_- :
heteroclnus (killifish) minnow eggs take 15 daYS or more t0. hatch, 4t was.~

necessary to fly five batches of eggs eachata dlfferent stage of«development
. These ‘stages are listed in Table 2.1, The eggs were camed iir five separate

. compartments - of a plastlc bag filled with seawater. anh batch had been - '
carefullyprepared (fertilized at the right time, stored i in seawater and washed .

regularly) and there were two equal-sized contro} groups. One control group

(C-1) was flown with the: flight group to the Apollq, launch|site at.the NASA SR
"+ John F. Kennedy Space Center (KSC) in Florida, where it stayed on ‘the

I
ground but went through the same environmental changes (with the eXceptlon

of weightlessness) as occurred i in the cabin atmosphere on Apollo Soyuz. A

- second*control group (C-II) remained in Houston at- normal atmosphere“and,
constant temperature (295 K, 22° C, or 72°F). ‘A smaller control sample was
killed and ““fixed’" with chemlcal preservative at the tlme of lauhch, This
group recorded the state of development at launch for each batch of feggsy A
“fourth control group -1 contained five batches of eggs that were 48 hours
~ younger than the five batches of flight eggs. These eggs verit “through the -

launch vibrations in a simulator at JSC 48 hours after the actual launch to test

the effects of the launch ‘*shakeup.”’ In addition, these -1 eggs were :
subjected to the changes in temperature and pressure expene ced by the eggs o

in the flight group on Apollo-Soyuz. =, . o

‘A second plastlc bag carried six 2l-day-old Juvonlle mlnnows in each of

five compartments filled w1th seawater, as listed i in Table 2 l(b) These five

-batches of fish had each been **préconditioned’’ by dlfferent vnsual surround- o
ings. The purpose of this part of the MA:161- ‘Experiment was to test the -

influence of llght on the- minnows’ sense of up-and -down. (The: Skylab
mlnnows chose the dark{:ablnet door as “down ") Previous- experiments in

one- g on Earth showed, that if a bnght llght were. dlrected horizontally at a .
mmnow in anotherwise dark pool of water, the m1nnow would lean about 45° .
-7 toward the light. The ‘minnow expécted the light to tome from the sky above
; the pool and: used its eyes as well as its vestlbular sense of up-and-down to

-keep itself upnght ‘When zero-g ehmmated the vestibular sense, the ﬁsh

. adapted to us1ng itseyesonly. * - .. . . _ .
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‘swim along with one of the stnpes ‘When. the drum was honzontal as on the
right' snde of Flgure 2 Iy the mmnow would rol} or. tllt along the dlrectlon of

) S Y. v e .
‘Figure 21 Minnows in rotMIng drums In the vertical drum. the fish would swim along

beside one of the stripes. In the horlzuntal drum, the flsh would roll or tilt in the .
dlrectlon of rotatlon. . . .

[

\)4 . ' . o -oh ‘-,o~v.
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P SR Ot.her expenments o.q mlnnows onentatlon .m one g are shown i m Flgure E
" 2.1. Minnows.were put-in tHe water inside, a slewly Totafing drum, one at a” -
time. The dnum had: black :dnd white’ stnpes painted on the inside. When the -
drum was vertical, ason the left snde of Frgure 2.1, the minnow inside would

N
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rotauon Two batches (nds 2 and 3) of juvemle mmnows for the MA-161
Expenment were bmught upina stnped world, one batch with vemcal stripes

~and the other with honzontal stripes. Thelr compartments in'the plastlc bag -

. filled - with seawater’ were_ fastened toa stnped background in’the flight
package (Flg 2.2). Another batch(no. 1) was brought upin water tanks with

wh1te walls, land -another batch (no. 4) was grown in tanks w1th black:. ~
. overhead ‘The fi fth batch of fish was bhnded _]US[ after hatchmg SO thatthelr
- eyes could not be used to keep themselves upnght ‘

. . [CARY

Exporlment MA-1 61 ﬂlght paekago ot flsh and egg paekots T flve plastte Lo
- compartments in the top row contained 50 or 100 eggs each in saltwater. The
" lower five. eompartments. with gray. strlped, or blaek baekgrounds. contalned '
8ix: mlnnows eaeh oL ] :

."Expen;nent MA-1 61 on Apollo—Soyuz

T

‘The (&n ﬂlght package w1th the ﬁve compartments of eggs at the top and the. :
"= five compartments of fish at the bottom is'shown in Figure 2. 2. The strlped

background can be seen behmdﬁsh CQmpartments 2 and 3. ThlS package was




2 Day 3, and Days 6 through 9. An astronaut watched the fish for several

and 3; now convrnced that the cabln wall was “down. refu :d to roll

1 Pamphlet I) and subsequentl.y unloaded on the. recoveryk ship

"/,.‘ o \ graphedagaln
of the eggsg,to

gg Compartment 5was putina shaker which caused the rest

JSC in Houston for- furtbgr tests. .

-5 or 6 days later.- ’l;heffish in Compartments 2,/ 3, and 4 faced the wall unless:

W o ,, “fish"in "G mpartment | aga1nst the’ ‘white wall contlnued 10- loop, but more

re T
’ "

[

o S fastened to/ a wall of the Docklng Module (DM see Pamphlet I)oon the second' - L
S e . ~ dayof the fhght Motron plctures of the fish compartments were taken on Day . - N

L 4  miniutes eac}'l day and reported how they were swrmmlng Ten of theeggsin~ - .~
Compartment5 hatched dunng fhght On Day 9 the astronauts tried to-get the . SOEE

he entlre package was retumed to the Apollo Command Mot le (CM' see. N
Orlean °8 ho{s after splashdown .There the compartments were photo~, '
E

tch, and movies were taken of the llttle hatchhngs swrmmlng -

: ‘,f “Then twd each of the eggs hatchllngs and juVleCS in all co ments were " -

: kllled and “'ﬁxed" with” chemlcal preservatlve so that the could later be
- d1ssected and examlned under mlcroscopes These samples and the batches of "

hve eggs and “fish in new- ‘¢ontainers filled with fresh seawater were ﬂown to '

 their pllsxtlc bag was disturbed, The blinded fish in Compartment 5 and the . .

N =& T slowly. The 10 hatchlings in égg- Compartment 5 sometlmes swam in ioops: . ,
' : AR 7 durinig the flight, but all the fi figh: swam normally when first obserVed inone-g |

- The astronauts reported . that the Juvemle minnows swam, ,in loops and-’- R
" circles early in ﬂrght but that most of them seemed to have adapteq to zero-g . . -

b

N e { . o the U. S.S. New Orleans. ThlS shows. that thelr vestlbular organs were' o '
: RO ; 'workmg well ‘. SR '\
A C ’ Postflrght MA-161 Tests énd Dlssectlons
- . ':_:" _~_'Tests in rotatmgdrums(Flg 2 l)were begunoh theU S s. NewOrleans and - -

“continued for several days. No change from preﬂtght behavior was observed

K : 'l”. ﬂ o e SO ~ Two. days*after splashdown, tests with lights were started at JSC, in Houston .
ST : - . and continued for several .weeks. All these tests included fish from. control * .
groups_C- I, C-II, and C- -1, and’ the results were carefully analyzed for .-

' statistical differences between the ﬁsh thathad been in zero-g and the fish that”

had' been in zero-g behaved the same as the fish'that stayed in oné- 8.

o " te.. The flight fish seemed to dive’ frequently and to prefer the deep water if .

. C 4 their tanks shortly after they arrived back on Earth This obsetvation wa$™

. : . < - N ~\ . Wt 31 L 'Z_- ’\
S R T e s T T

c . T-.-):Q e e 7 o r . P S o -
PP - ) . e - ot .

' RN
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- had remained on the groupd at one g No differences were found; the fish that -
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alrplanes (5] verify the lqoplng observed on.Apollo-Soyuz -Both’ the flight ﬁsh
*. and the control fish: looped in about the same way, which shows that the fish -
. and embryos Whlch had'been'on Apollo- Soyuz for9 days had not retalned any
: .'adaptatlon to ‘zer
 these. zero-g tests;

C , NN e
i IRRER . .’ . ’ " . . , .- K Lo . ‘.‘l;,:v o
g cheoked '6 months later by tlmmg each miniow, for 2 mlnutes i a 500- ' S S
~milljliter. glass cylinder filledwith seawaterr At that time, the. Apollo Katch- - _- S v s
- ‘llngs were about 35 millimeters torig, t me size a,s the fish i in the control S Lo '_-,'..
. groups. The percentage of time spentin th deeperhalf of thé marked cyhnder RO SR P
was 80 percent for.the fllght fish and 89 | percent for the control group; that is, Lt o
the fllght hatchl|ngs spent ‘Somewhat more;tlme in shallaw ‘water than the - © ‘ o
- ground-control fish: did. Hatchlings . from the eggs. in Compartments 1to4 - N
L ,matche?l thie control groups more closely,they spent about 90 percent of thelr e L o
< time_in the deeper. water. " * - . (ol R

~.Several tests were made’ dunng shon (25- second) penbds of zero-g in.

o plnstead of looplng, some mmnows “thsted” durtqg(
,that is, they would roll as they swam, scarchmg for ther -
proper belly ~down posmon N O Y :
The average time from femhzatlon to hatchmg is: about l days for
F undulus heteraclttus eggs (There isa spread of’ hatchlng times i 1n any batch .
of eggs: Zl days is the hatchlng tune for 75 percent of the eggs ) Table 2 2

AN '"r



S Co e shows that the” three youngest batches Qf eggs camed on-. Apollo Soyuz R
"+ hatched at, 15 days, much sooner than the oldest batch in Gompartment 5and."
. earlier. than the control batches m one-g.- Appdrently, the development of

. young eggs was faster’in zero- -8 e

‘l‘&“sclentlsts dissected and- exammed eggs"‘(embryos) hatchlmgs and
st

= Juve e Tish from both the. fllght and the control groups The small otollth e

N es: were examined with ‘an electron microscope; and no dlfferences ‘ L

" fere “found between the flight and control-group samples Othz/parts of the .

: developmg embryos were also; ‘examined. The eyes, heart, nerv s, and bones ce

d the vestibula in the ear were found to be the same in the flight group as in\* L

. _the control-grotip. There was no evidence of a calcrum deﬁcrency Except for
.- ~the shorter hatching tlme the 9 days of zero- g seems to have had no effecton

o Fundulus heteroclrtus mmnows or thelr eggs o e T
‘._ ] . o - ] " -4‘ o [

..?g;'Questrons for Drscussron L R e e
;- (Fish mZero -B) . e T ; : =T Lo
. : . PRIRI

EPITE B There was 1o -air in- contact wrth the seawater where‘@e MA- l6l r R
mmnowsllved for 9 days aboard Apollo Soyuz and no food was added. How et f -
o would these factors.affect their growth? In analyzmg the expenment results, e

-+ how was this effect avorded" P EAE o

‘ 2 If it. had been posslble to put one of~the fhght mmnows from Compart- : R
_ment2 into arotatmg striped drum on Apoﬁ3 Soyuz how do you expect the / . '7 S .
S ;mmnow would have behaved" - S & : : S

S s ' ’ RN e

o 3 How could zero-g accelerate the development of an embryo"

. o _ 4. If thie vestrbular organs ina mmnow were destroyed what behavior ‘ o _
— ,would you expect of that mmnow‘swrmmmg in one-g" ln zero-g" T
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3 Mlcroblal Growth |n ZerQ-g, f
| Change in. Blorhythm iy

' 4 Lrvmg,orgamsms have m.any btult -in penodsorrhythms Thp mOStobwousrs " RS . e e
: " the day- -night circadian period of 24 lours. The purpose of the joint Expeti= "/ ==+ "~ 1.0 7 ’
Ca ~ment MA-147 ‘was to discover whether spaceﬂtght conditions,, prrmanly R R S

R _' weightlessness, would. change ablorhythm that is notcrrcadlan—ln thlS cale, ' AT
;o the nngs produced by the mlcroorgamsm Streptomyces Ievons .

. - - ML L .. L.
/. N . .'..' . B S T -

-A Zone-Formmg Fungr Cultures o IR,
oo When S!reptomytes Ievorm is “planted" ina umfdn’n cuIture medlum-of LY - C/
{\ ... agar, salts, glucose (sugar), and yeast; it grows outward and forms regular RN . BT
~*.rings or zones of whitish spores. as'shown'ip F,lgures 3:1and 3.2. About 3-:.. K LT Rl

‘*’ o ;- daysafter belngplanted at the centerofaqaetndlsh’kept ar300K(27°C 81° " . TR

'F),he colony's rings are ptoduced very regularly / at arate that depends on pthes==— "~ . . ..,
~culture nfedium, The medium used: by the. biologists at JSC gave a period. - L L
. cIos‘e\to 24 hours (ﬂ"hls is not the. day -night: ¢ircadian perlod ifa dlfferent .\.‘ ., e et :
‘culture. medivm were uséd, the rings would fonn at a different ratet) Ifthe . = 7 et NG
culture medium ‘is uniform and the’ temperature is: Ke t néar. 300 Kthisw o o 0 o ’
formation of zones will' contlnue for 2 or-3 weeks, )although the period (tlme A
: from one ring to, the next) lengthens somewhat :tf;ward the end, o _'. o : _
St Between 30 and 40 cultures ofStreptomvoes Ievons were prepared in thls Lo s R ‘
““way both in Houston and in Baykonur (the- Soviet; launch- base for Soyuz) 6 T e
_ _ days before-. the Apollo-Soyuz mission. T'hg: u.s.. ‘and U.S.S.R. sc1entlsts e S
"y 7 AL tned to make these cuItures exactly the same-—to start them on a 24 hour L
Lo penod using the same culture medium and the sariie temperature ‘The stamng e
“time (' ‘planting™) was mtentlonally begun 12 hours earlier in the U:S.S:R. LTy
_ " The idea was to exchange thé two cultures in orhit to determine whether the, . aLeL (
] . . U.S:S.R. spore rings would get “'in step’’ with the U.S. spore rings in" \,\ o
A
%
%
iy

BN

\-' R Houston after the flight and also whether the U.S. spore rings would later gét -,
e 7. in phase with the U.S.8.R. spore: nngs in Moscow UnTonunately, ‘the
‘_‘ EN Y culture- medium’ matenals used were not exactly the same in the two countriés °
i (the chemlcals were obtained from different sources), #nd so the U S.S.R..
spore rings never matched the 24 hour period of-the- U.S. rings..
- The, scnentrsts selected the best eight culturgs in. each. country—four for the . :
.Apollo Soyuz flight. and four-for the” groun‘d controls. All cultures:were = - T
) " handled in the same way. The 60:millimeter petri dishes were packed ih pairs " % T
. . - in sealed boxes w:t‘hj_,lass covers, kept at 300.K m_mrtable incubators before” . *-
- Tand after flight, and photographede\(ery 12 hours . Figures 3.1'and 3. Zshow T
© ' 7" = that the Zones formed regularly. As shown in Flgure 3.3, the temperature dld
", not rcmaln constant durlng fhght :
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‘ #Idure.3.1

.-'_--Postfllght photogrephe of Streptomyces Ievoris culturos in the u. S S.R. The -
..-two petri dishe's in Culture A-19 were launched in Apollo and recovered.from’

" Soyuz. -Culture C-31._was both Jaunched and recovered in Soyuz Cultures
R 35 and Cc-36 were Sovlet ground controla .

~.




' Postfllght photographs of Streptomyces levorls cultures in the Unlted States.

The two petrl' dishes in Culture-C;12 were faunched in Soyuz and recovered
e e from Apollo. Culture A-22 was both Iaunched and recovered in Apollo. CUItures
o] A-24 and A-25 were U S. ground oontrols.

- S
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‘.'Fi'gure 3._?; EXperlment MA-147 temperature changes dunng the mgm_ it had been: m- '
' ER tended to maintain lncubatlon at 300 K. (27' C,81° F) throughout the ﬂlght

s 0 g
. - R

: B Experlment MA-147 Results S
MICl’Oblal Growth Rates -.f "; T

Pamphlet” -VI) mlght cause mutations or otherwise affect the microbial

The’ sc1ent|sts thought that Cosmic rays, passm'g through Apollo Soyuz (seo -‘. P

S . ... growth. Cosmic-Tay- detectors (spccral plastic films) were piaced under the ) e
S - petri dlshes and showed that many cosmic.rays passed through them, butno

evldence of, mutagenic alterations of the S. levoris fungus. was noticed., .

; "« counted, and plotted against time. The growth rate 1s the number of rings (or.
fractlons ofa ring) added per day. These rates were ‘averaged for three time
' 1nlervals the' 6-days before launch, the 9 days in flight, an the 8 days-

- these growth rates for 16 dlfferent culturés, the Americar(A numbers) at the_
" topand the Soviet (C numbers) at the bottom. The control cultures areplotted
" by ‘solid llnes ‘the flight cultures by dashed llnes X, -
) L . The American cultures starfed. mcely together at a l .00- nng/day rate The
' growth rates all decreased dunng the 9~day flight, although Culture A- 22—2
. dropped less than- the othere In the postflight period, Cultures - A-19- 1,
' A 19 2, and A- >22 | 1ncreased thelr growth rates, whereas the U-S control

e .
..A M - .._‘
)/

_;.;.: S ~ . " " o ‘,,- . i . ) : . . X ; \ o . . .o .

. From photographs like Figures 31 and 3 2,.the number of | nngs could be , "

e followrng the Soyuz landlng or Apollo splashdoWn Figure 3.4 is-a plot-of ~ L
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cultures conttmited thetr decrease The U. S S. R eultures had t\mre errattc )
S R growth rates-but showed ‘an overall’ dec{ease N T IR T
LT The . geperal. conclusion from Figure 3.4 is tltt\t growth rages decreased
R T TR aboard Apollo Soyuz relative to the controlss: % thy Amertcan and. Sovte? This™ - -
S D e decrease &uld,have been due to cosmic rays 6r werghtlessness in.the, space-:_ .
ey e e ;'-' " craft, ‘although'the mechanism (how cosmic rays or zero-g could change the
o /} LT btorhythm) is riot clear.-Cultures A-19.and C- 31-2 seem to haye been affected o .
EEDTEN N t, Senoow 7 by g-forces dutmg splashdown ‘when Apollo decelerated at abom 3 g s (s@¢ " '
PSR TR P;tmphletl) }Etgure3 5 shows that double rmgs were formed tlstatday in three -
o oy s . of the four cultures on*Apollo: R T
o SR Although the mvesttgatorxcould not detemnne whether the spore rings in } o
ST .. the cultures from the two countries would getin step" (because the U. S.»ang %
LA ey e T USSR growth rates were so dtfferent) Expenment MA-147 did show that TR T
RN U, _-dhe growth rate- of Streptomyces levaris rings was reduced.m zero-g. ThlS S
- i . result may gtve some clue to the effects of zerorg on’ ltvmg orgamsms ) Ty
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4 Sebaratlon of Cells J
by ElectrOphoreS|s o

S me‘%‘cellk“ in water are found' (o hdve a small negauve eleclric charge on
R * their surfaces.. leferem kinds, of cells differ in three: "Wys: (1) amount: of‘ R
electric charge, (2) size, and (3) shape These'differences have long been used . - -
\)y biologists to separate various kinds of cells from amixbyaprocgsscalled. .~ - -
eleclrophoresns-'—-"elecmcal separatlo)’l‘ **The “elect:ophoresm column’is ~ - ™
- a'water-filled glass tube wnh an electrode at chh end (Fig. 4.1). The sample. e
o “of mixed cells is mserted near the cdthode (negative electrode), and a voltage - R
is apphcd “Because of their neganve chargc the cells are pushed away from . '
" the cathode® toward the positive anode at thc other end of: the column.
Fora glvcn voltage, thé speed at which'the cells drift through the water (the
**electrophoresis moblhty ") depénds on each cell s elecmc charge, 512e and s

N
" Watercoumn . . . T . O e
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: Static-colimn electrophoresis and separation bands. At the start (top. Qi&éii);" " Figure 4.1 N-L

"+ all cells in the sample are near the cathode. After a time (bottom), three - C T e

. different types of cells are separated because type A drlm ‘more ihan B and L
type C drifts leas than elther A Q.B : B

[
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cell (a pure componént of thg original

>

|present; a photograph of the column

" A tstatic lumn is shown in Flgure 4 1. The buffer solutlon (water and

- various salts)\ at rest and the: cells drift to- form slowly moving bands Ifthe - .
" purpose is to sepirate large numbers of <cells for medical expenments orfor ‘. .

* the manufacture’sf medicines, it would: be rriore effective (o séparate different <

cell types across d ﬂowmg buffer soluhon,;as shown:i i Frgure 422, In this.

- .‘free-ﬂow electrophoresls, _ each cell type would be. qollected My
acros

ce in'the flowrng buffer solutlon ‘after drifti

- Difficult’ieé causeassy' 'éra;,afyzz

There are practlcal drfflcultles wrth b0th free-flow and statlc column elec-

trophoresis. One difficulty i is that the buffer solution is separated by elec- e
__-trolysls and produces oxygen and hydrogen at the electrodes These gases

must be wrthdrawn from the columi so-that.the bubbles will not d1sturb the:

~ drift of the cells.or the’ electric field along the column: In the - welghtless

condition aboard a spacecraft “there is no force of gravrty (zero g). and the .,
bubbles don’t rise as. they do 1n ‘orie-g on the ground-—they stay at.the .

i electrodes... - .. T o
-Two other difficulties become Jmportant when blOnglSlS in. one g try to .

- separate cells of almost the same _electrophoretic. mobrhty For i mstance two

kinds of kldney cells i important in modern medicine drift at so nearly the same -/
rate that theit bands (Fig. 3 1) overlap, even,when the columu is very long

*. "The bands are riot sharp (narrow) because of unwanted drsturbance (currents)
- inthe water Everi if a static column is kept perfectly still, when the voltage i is’

turned: on, an electrlg: current flows, heats the water, and causes convectlon

' N currents in the buffer solution. In zero-g, there is no convection, so the heat
does not start-water currents and the- electrophoresrs bands are sharper than -

in one-g on the ground. Co . S
_The second dlfﬁculty in orie- g is sedrmentatlon ~All cells have a hrgher

o denslty than wa jr and tend to sink or settle out” under the force of gravity, -,

: Ty
7 : .

o
. stream tgf'that location. This techmquexrequlres a very smooth flow wuh fo
“bubbles eddles. or, crosscurrents m the buffer solutlon. .

.shape It is very’ nearly the same for tells of the same type Therelhre. as’-
. . shown.in Figure 4.1, cells of type A ev ntually drift farther down the colimn
" than do cells of type B. Cells of type ‘e (those with lowest electrophoretrc
B -moblhty) drift least, The sample- mix of cells’is thus separated in the elec-
o trophoresrscolumn -and any one typeoF
.mix) ¢an be drawn, from the band in whlr:h itis concentrated If opaque Cells or .
. colored cells (like red blood cells) are
o ‘will shc}w the width of each band and the approxrmate fractron of cells it each’
' band L ‘

[
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electrophoresis. The electric field, fronfright to left, is ‘across. the
(downward) flow of the buffer solution. This causes type A cells in the sample .

ito move farthest left; type G cells move least toward the left. The three ty

: .
A
t
Lo « Y
|
i
: 4§
Yo
.

o

" can-be collected by the three tubes (A, B, and C) at-the bottom.

pes. .

. Fighre 4.2




ln zero-g, there is.no stch tendency, and the only force on a cell lS the‘_"'
electncal one, which- produces the separation. " ‘- ©.
-For thes¢ Teasons, two. electrophoresis experlments were. performed on.

Apollo-Soyuz Static electrophoresns colimns had been tried on two previous . -

. NASA missjons to'the Moon} Apollo 14 in l97l and Apollo 16i in 1972, but

. nelthemone worked well.

,,
RS

B

Rel

) .Experlmef-t MA-011 Results

“*Columns 1, 3 4, and 7 worked’ well Column 7 (the kldney cells) best of all ;

_ However the electnc powerin Column 2 failed after 3 minutes,-and some thin-
_'.tupes used. to. remove :gas - from the’ buffer 'solution became clogged on .- .
F --'“'}lmns 5 and 6. F llures like these are. to be expected in ‘any. sclentlfic‘-l S

Experlment MA-011
Electrophoresis Technology

- The experlences on the Apollo l4 and 16 mlss10ns showed the Screntlsts at 4_:"'

MSEFC that the static electrophoresis column must be. designed very carefully S

so that samples could be inserted accurately and all gases could.be rémoved.
To achieve the best electrophoresis separation that can be accomplished ‘i ‘in )
" zero-g, eight different samples were to be‘SEparated and photographed and the "

. columns frozen so that the bands could be examined later on Earth. Four of the L

* samples were artificial mixes of known. proportlons of red blood qells from a' -

- rabbit, a human, andahorse two were lymphocytes fromahuman andtwo - -

- were the two important types of human kidney cells mentioned i in Sectlon 4A; " 4
The. static electrophoresis unit shown in Figure 4.3 was. des1gned so that’

. each 15-centimeter (6:inch) long column of water could be plugged into it."

‘The astronaut took a sample from a freezer and pusheditintoa Slot on the side

+* of a tube made of Lexan plastic so that it was centered in the 6-m1ll|meter a
N (0.25-inch) wide, column of buffer golution. He set'a switch for the-désired . _
" separatiqn time (45 60; or 75 minutes). The electrophore‘sns unit then au- - .

tomatically turned on 400 volts controlled the stafic-c olumn témperature at

278K (5°C, 41° F), photographed the column dve minutes, dlsposed of
. -hydrogen and oxygen gases safe y, and. fmally froze the column (to 233K, 4' KN
~40° C, ~40°F). Then the astrofaut put the frozen column in the freezer for . C s

réturn to Earthy and plugged in the next column One of the plug in stattc.,
.columns s’ shown in Flgure 4 4 e -

’

eriment. S
\ hen the f1|m and frozen columns were retumed to the sclentlsts at MSFC



MA 011 eloclrophorosls unit. wlg'- camera. An eleclrophoroolo column Is plug-
: : " . ged in between electrodes in the center of the box. The camera is anachod to
L lho opon box lop lor aulomatic pholographs of lhe oolumm o

-

" blood cells (rabbrt human and horse, from:left to nght) The frozen columns-
were- then sliced and melted, and the cells Were recovered from each slice.
About: half the red blood cells were still alive. Because the tubes gotclogged.

. in.Column'6, the buffer solution became t00 basic (pH factor less than 2 S).

L and only 1 percent of the lymphocytes were still alive:

':_'sep ated in one-g on Earth All the krdney cells in: thrs column were. alive,
" and the
the frozen column near the separation ‘bands. The type of kidney cell needed
-produces urokinase, an enzyitie used to treat people suffering from blood-clot

- * conditions. The cells from one slice produced mére than four times-as much
' urokmase asdid the original krdney-cell mix. Thi

‘ electrophor;esrs in zero-g can separate kidney cells of very nearly the ‘same

olumn 3 contalned a mix_of human kidney: cells, whrch cannot be .

aration was checked by growrng cultures of the cells from slrces of -

demonstratron showed that ~

type. The separatron of urokinase- -producing: kidney_ cells in zero-g ‘may .

. ‘_become one of the 1mportant medrcal manufactunng technologres of theA '

s future L

Q
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.. Figure 4.4 . Elect

A A S Tor o
| rophoresis 'plug-in " static colomn for the MA-011- Experiment. | The - .
" ‘transparent Léxan column allows the separation bands g)\@toﬁhk ad. . .
» , » )
’?’ .

“ ) :
‘. 'Figﬁre:4_75' ' Flight p'h_otdgraﬁh of MA-011 Colu

mn 5. The mix of red blood_cells has sepa- = . * .
o L -rated into three well-defined bands: rabbit {1eft), human (center), and horse
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L given ingFlgure 4.2. The concept was developed by Kurt Hannig, the Gerrnal"

L separately most of the cells of types-A, B, and C, and thé rest of‘the buffer
- B solutron is pumped around to the top to be tecycled through. the tube: ..

EXperimént-MA;01-4 'Freq-F-bw'EléCtrophore'sis
I A schematic dlagram showrng how free- flow electrophores* should work is l

y o Pnncrpal lnvestrgator for Expenment MA-014. Free-flow-electrophoresis .
© . :should lead to rapld separatron of. large amounts oﬁblologlcal matenal ina_ .-
e continuous process The outlets at the bottom of Figure 4.2 should dram off

@

. The aetual MA-014 equlpment on Apollo Soyuz did not have these outlets T

S e forcelltypesA B, and €. Instead, a beam of light was directed throughasllt_‘
.- w0 7 atthe bottom of- the flow tube to 128 photometersalongahne atthe top. These :, ™

C o photometers scanned the- strip of light fro he anode side to the cathode srde' U

and showed how the amount of light was’ d'uced b 'cells movrng downward ST

~‘near the bottom of -Figure 4.2 o
.'Four different samples were prepared Just before the Apollo launch and

. P - kept refrigerated at 277 K (4° C, 40° F) until’the astronauts operated the
L . -MA-014. expenment on-July 16, 1975, for almost 85 mrnutes Everythrng L
~* seemed to work properl and. the. photometer scans were: recorded on mag-

' l N ' " netic tape that-was re dto Earth, When the MA-014 scientists in Mumch

‘Germany, played back these tapes, they found that the/hght had been too ..

.bright, whrch duced the accuracy of the measureéments.:

a samples are shown in Frgure 4.6. (The fourth scan of a.
"rabbit erythrocyte cells was rulned by the bright li 3ht ) The separatrons of the

-bone-marrow cells, “spleen cells and lymphi- -node cells mrxed -with human :
erythrocytes are consrderably better than attempted separatrons in'onhe-g on. -
" the ground, These results show that free-flow electrophoresrs in spacecraft-in /

' . - zero-g may become as valuable a technology as ‘tatic electrophoresls

\

(TR &a

. (Electrophore51s)

8 The water (buffer solutron) ina statlc electrophoresrs column (Frg 4 l)

Flgure 4.1 (bottom) what happens" I -

10 The two. closely srmrlar types of - krdmey cells were not perfectly:.
separated by the MA-O1 1 electrophoresrs column. Explarn how.the separatlon:-._' _
" could have been improved by.a second fun. Could multrple runs be- used in -

: -1‘ free flow electrophoresrs" O * A

BT ' * -The measu ents of free- flow electrophoresls separatnp[lof three of the
L ix ofshuman-and : ;

Questlons for_Dnscussuon |

: should be perfectly strll What about thermal mbtron of the water molecules"z\-'v me

9. When the voltage is turned off i a static electrophoresrs column ‘as‘rn TS

T e
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.. Figure 4.6 .

o twoen the electrodes

y o ‘
S .
¢ oy o . ,
: .

-+ -Bone marrow

" Spleen '

N

: . FE ',

. Lymph‘node human erythtocyles

@ L T e

MA- 014 free tlow separatlon in zero-g The darkness ol‘ cells at dltferent
places in_the free-tlowlng buffer. solution ls plotted agalnst the dlstance be-

,I




5 Mlcrobes at Large
m the Spacecraft

S . .
! M

L ’Se\leral studles of mlcrobes“ in spacecraft and di crewmembers had bcen
Ty made i the. United States and the U:S.S.R. beforé the Apollo -Soyuz mlSSlon :
Lo ‘As a result of the Amencan studies, astronauts. were examined by physrctans'

before their m missions and were ‘isolated for the last 3 weeks before launch S0

"-that they would not be exposed to unfamlllar disease germs
However ‘the human body carries many m1crobes with is=—in the 1ntest1nal

,'.,tract nose, and ears and on the hair and skin. It would be 1mposs1ble and.
unwisé, 40 ehmlnate all these mlcrobes béfore flight.. The ‘Apollo and Soyuz -

spacecraft were not,st nhzed and .various*kinds of mlcrobes were camed

o 'aboard by: the crews Thegfuestion was whether the balam;e between mlcrobes_ -

" arid man would be changed Wllhll‘l the confines of the spaceCraftdunng ﬂlght

zstronaut in Apollo- Soyuz, or vice versa.

_ adJustlng to.fewer microbes iri the: spacecraft cabin; that 1s “the crewmembers
: ~m|ght get s1ck from the microbes normally all around us on Earth '

oo . . —~

e A Joint Expenment AR 002

.,,Mlcrobral Exchange " T L

LA large number of blOlOnglS in the Umted States and the U.S. S R pre-.'-'
. paréda detalled plan to measure precrsely which- mlcrobes were launched in -
Apollo-Soyuz in'andon each astronaut and cosmonaut. The scientists wanted -

- . -todetermine. whether mlcrobes were. transferred between crewmembers dur-
.. cal'tests extended from 45 days before the 9-day flight to 30 days afterward.

- each astronaut and cosmonaut Similar. samples were taken from the ﬁve
- backup crewmembers bi the ﬂlght

IR 4B=§c5-v-;~Chs..2'z,--23.r_, NI U R

o T T

- There might:be a chlnge in the numbers of mrcrobes. ot in the crewmen's
resistarice. (1mmumty) disease, or in the microbes’ power-to mfecr Also
mlcrébes brought up from Russia by a cosmonaut mlght be rransferred to an-' ,_"

. The earlier studies indicated that mrérobes were transferred between crew- -
" 'members durmg flight. These studies also resulted in two broad and different "~

- "ldeas (1) that only a few types of aerobic mlcrobes (ﬂoatlng in the. cabin -
o “alr") would survive in flight and they would produce large populations, and -
' (2) that, crewmembers mlght suffer *‘microbic shock onreturn to Earth after )

. The tests lncluded taking samples of blood and saliva and ‘swab samples’’ " ,
- - from, the halr ears, nose, mouth, and threat and from five: areas on the.skiri of -

. . The type of swab used in th¢, AR-002 Ex;:enment is. shown in Flgure 5.1 lt:‘. S .‘ . ‘
L. was sealed before and after u e and was soaked in a ﬂUId ‘that keeps mlcrobes_

_ lng flight. ¥r lncreased in:any - crewmember The.y ‘also wanted to test forl, S
R possnb changes in creWmembers fesistance to disease during flight, Medi- : .
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The AR 002 swab. Elghty of these 8| abs ‘were. carrled on Apol|o-Soyuz Eaéh .
¥e and after use. Preservative, fluid ln the -~

I o : stem of the sw.b l(ept th’e microbes on the swab allve. }

o
o
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. N " | ' i N & o ) ‘ L
-a ahve Dunngﬂlght eachcrewmemberused his own setof lOsw Qstombth | _— v N
, -spectfied placés on his body. (This had been done betore the flig :under the . f.. _ ‘ o
‘ e supervrsron of a sciéntist, who made 'sure that the astronautunderstood howto .. == L
o -take the samp s by ‘himself.) Two other sets of 15 ‘swabs each were used to.i : )
S ““mop, up”’ microbgs from 15 specific surface areas. in the Apollo. spacecraft e s
k.o 7., .. and15%in the- Soyuz. spacecraft, each marked to be eXactly 100 square. e v
_ " ‘centiméters. All these swabbings were taken during thé same hour onJuly 18, ..

7 1975, ‘and ‘the. 80 swabs ‘were returned 0. Earth. by Soyuz and camed U UL

E ‘.- Moscow. for immediate analysis. . B . : PR o MRS o

" ".The tests werd:numerous and complex They were as nearly as possnble TR
- exactly the same as.the tests performed on-the. ground before and after flight.. T e
"In thi§ way, ‘the biologists obtained fairly accuraté nmeasurements of the, - .- .1 o

fiumbers and kinds of microbes in- various p]aces at several drfferent times. v T
* For example,. Figure: 5.2 shows the numbers*of aeroblc bacterla on: the S et

" _skin-swab samples from the five érewmembers at njine dlfferent times: (The Co
. “quantltatlon" plotted in FIQreSS 2and5.3 1sthe logarithm of the number . . . G T

"« of bacteria from | square centinieter of the surface swabbed. “Quantltatlon O T
L8, " forexample meansthat about 100 OOObactenawere swabbed from each - a / .

. .-+ square centimeteref’ Astronaut Stafford’s skin—the avetage on his fiveskin ., 77 o

R . 5wabs There isa falr amount of scatter iin these bacterlal counts HoweVer E .’f.. poe

- . R N . L P . . oo

R o o N
8 R . e . : . Lo
. el . . : c . e » . .

~ - P " . t.«/,. bl B R . S, . . g . (IS

" Astronaut 5 ﬂo«d S St

T S T D »_“——-#snonau! Brand '_-.

5

.un»nso"er é‘r‘;{*’- .
" " swabbed}.

2T C e

Weeks a(}er |and|ng } L

~ Number of bactéria . ‘a‘k‘n qwabs trom the five Apollo SOVuz ci’ewmen Guen- _' -Figure 5,2 -

o titation is. the logarithm o the number W per square’ centimeter of skin - .
: _smbbed.-The number varled trot'n about 10" to more than T 05“’ Log 104 =-;4 ‘ BT
L
. . .,. . s / . o :’ .
o . o ’.:v." - o 5
i : SR 29

Q
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because all the swabs‘ were used and analyzed in the same way, the average r
3 quantltatlon shows changes 1n the number of bactena as accurately as . )

O S ,_pOSSlblC) T )f_ SR SR

0 B Experlment AR-002 Results "j L
P Coe ST .Counts of several dlfferent kll’ldS of mlcrobes were measured in the bs: - "_j A
o R Gram-negatlve rods of ‘the’ genus Haemophilus -are generally found i the -
L - : . human mouth and were detect?d in‘the astronauts’ throat: swabs and gargle;
-~ © " .water. The - yeast Carqdlda alblcans, which may cause “thrush" (boils and--_

: soresmthe mouth), was found i intwo crewmembey;s mouths Staphylococcus‘
> aureys, which cai cause boils, is sometlmeerfofmd in the nose’ and occasron-’-:
-+ ally on the skin; it was found on all crewmembe‘rs, 5 )
" ...4B#oge and after the ﬂlght measurements Were glso fnade on sahva and' .
fbl%gﬁt,samples in-order to detect speclﬁc 1mmumty Qf the. crewmembers to
’ .drsqase:*"l‘wo factors nieasured in'the saliva'samples were lmmunoglobullhtA '
v (lgA) and lysozyme The l‘gA is a collection of d)fferen.t, kmds of proteins,
-~ some of which até antibodies, and each of whlch attacks'one specific kind of *
L " .- bacteria. (Antibodies give a pefson 1mmun|ty"’ Yo a disease after he has had the
v _ dlsease and recovered from it.) Lysozyme is achemlcal (enzyme)that killsor' -
~ weakens all bacterid. (Astronaut blood samples were tested for i immunity tosix
*.kinds of bacteria and to the yeast Candlda albicans. The results are expressed
© s« - " in'termsof the dllunonof blood serum*that barely allows the mlcrobes.to grow .
L . “ina ¢ulture (stronget;sél'um would kill them) “Dllutlon 8" means only half
7 the jnmunity of *dilution 16.” . “# .-
L The results of Experiment AR-002 were based ¢ on these measurements ( l)
. bacteria counts from swab’ samples before, dunng, and after flight; (2).1gA
and l'ysozyme measurements in saliva samples before and after ﬂlght and (3) -
. immunity to seven types of mlcrobes measured in blood samples before and'
- after flight. '
_ Plots hk\th one in Flgure 5.2 show that the numberof bactena on the skln e
_ ny-one crewrniember changeg,conslderably w1th time.* ThlS finding is .
., - typical and was expec}\Measuremen‘ts'of bacteria i in themouth,‘nose and . ¥
- throat yqued even more. Howeve(,\the average, caunt ofall fivé crewmembers, .
was fairly constan"t gurmg the 84 days- covéred by the measurements. There_ Lo
. was clearly no change dunng or. 1mmed1ately\after the Apollo-Soyuz ﬂlght -
N Surfaces inside the spacecraftwere swabbed lmmedlately before and after.‘ P
Cnas well as dunng the ﬂlght The threE sets of measurementsof aeroblc bactena-
iy Lol kK .

. . .o . ,
v . : e~ ' ) . L
3
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L are plotted fopeach spacecraft in Fl ure 823 Asex ,-some parts of the o
R Wl fthan others, but the averages pen circles), show . '
-.v.+ -gignificant changes. The bacteria brought in.with the astronauts mcreased the
** spacecraftbacteriacount. ‘The postflight drop i inthe bactenacountwasuau :
" by an accidental intake of j jet fuel when a valve was opened to, let mOu‘tsnde
during splashdown (see Pamphlet I).-This gas, a mlxture “of dinitrog
tetro)ude and ‘nitrous oxide, bumed the eyes, lungs .and bare.'skin of the'
astroniaits and partly.stenhzed the Apollo cabin. In the Soyuz spacecraft thef
geqemle-_.trend» of- cabm bactena wag, upward by about a factor of lO as in. - o .
revious flights. - - T S e
easﬂrementsofspeenfic mlcmbesmthecrewmembersalsorevealed llttle e e e T
. Flgure 5.4 shows the results’ong:am negatlve Haemophllus cells In S .l Cal
astr nauts mouths and throats The ayerage dropped slightly durmg the ’ L '
t

Apollo—fronﬂ s than-.

were large diffe enees between dmerent surface
0 elrcles sh he

© .. . 10,6 abtut 10 bacteria per square centifeter. Th
S il surfaees on -each, of throe dates '
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' — Astronaut Staﬂo:d

_ B . " el Astronaiit Brand g ' _' A
B R -u . Astronaut Slayton - S
- g o L o 1. [ ’
.- g . ,.'6 [ i f_Q : :
g BR R — WothN s}
§;§§_5 . R
s538 . .
€ 8::'2 k8 |
gs‘- g 5 | . "
~ O93%3 L :' .
gv.‘-. "'.." o .
, = R —I . -
e L '.'e ) ) ‘0 -
B * " ' Weeks befae Jaunch’ - | Fiight I Weeks after landing
e oL L

\, . . oL

¥ tfrom a'high of 10

. These variations are normal in the mouths of Amerlean: -
. | S .

' S i - aureus in the nose and ofhthe, skin. There were 13 shghtly dlffenent strains of _
.5t S:aureus among the five, crewmembcrs Bacteria of one ‘bf -these*strains, ‘
-together with C. albicans,, were transferred from.one astmnaut to another -
during the ﬂlght There was no ‘transfer of mlcrobesbetween astronauts and .
cosimonauts during the 2 days they were together Moreover; all thesg miero-
-~ bial measurements do not support the idea that just a few types of mlcmbes,

. % would multlply rapidly dunng spaceflight ,and ‘the other'types would die off. -

) Lo e,

flight was not confirmed for{he 6-'to 9-day Apollo-Soyuz flight. The/me,
" sured amounts o£ IgA and lysozyme in sallva showed no general ehanges

very differerit. for each crewmember for_the various bacteria tesfed. For

s . " . instance, Astronauts - ‘Stafford and §layton had dll'uudps of 1024 agamst i

' : I - Haemophilus mﬂuénzae and Astronaut Brand and Cosmonaut Leonov had
' dllutlons of 8192 agalrlst Bacillus abortus. All créwmembers had dilytions of
ﬁ’bout 8 for §. aurs'us and C. albicans. Two large changes were ‘observed;

Apollo Soyuz ﬂlgh;l!! T , ) o

e el

ERIC

Aruitoxt provided by Eic:

hgumbpr of Haemoghilus eells ln astronauts' oral cavltlos Tho numbers varled o
down to iéss than 104 bacteria per: oquato eontlmeter }

. The idea that astronauts’ immuypity to dis¢ase would' change"dunng-,space%.j‘;: b

althoug‘h there. wasz{f normal amoupt of variation. The most accurate mea-'._" i
surements of 1mmutnty were. mad’ bx{the blood samples of all five crewmem- - - '
. bers. The diltion qf blood serum, wluch isa, measurement of i immunity, was .

¥ how&ver in the other 38 cases of crewmembers immunity. versus bacterial
counts ‘thére” seemed to be no change in 1mmumty durmg or after thet L

»*
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' number of aemblc mrcrobes mslde their spacecraft"

Esklmos caught co /ds and many dled How do you explaln th|s"

Questions for Dtscusslon S T
(Mlcrobes, lmmunlty) U Pl T *

ll What would the astronauts not|ce if there were a large mcrease in the.

-, A

12 When explorers first vrsxted 1solated Eskimo tribes'i in the: Far North the

. Cae ’

13. Why would it be unwrse to stenhze a sp S
ehmmate all mlcrobes onthe hatrand skma nit
each astronaut before launch"

spacecraft and for other types to dle ¢

amﬁclally mamtamed" S o B |
R LY
15 If the balance of mlcrobes is not mamtamed durmg a long spaceﬂlght
what problem couid later arise? . . L
EYRRT o .
‘ v
SR ‘ b ;.‘,:.
. . . i S
. '\ '
Rl L o ) l,_r.-.
v 0 h 5 o s
o4 .
’ v vooa% 2 ' 33

acecraft thoroughly and

how could a stable populatron be ot

X
N
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.




he s:mplest of these is. the WhllC})lOOd cell orleukobyte that is formed m bone (
fiarfow and then carried around the body\ln the blood stream. During i 1ts short
i only a few hours, the leukocyte can:*‘eat up’ * (ingest) bacteria: It can

W move"through small:blood” vessels clmg to the 'wall near-an infection, and "

ey

squeeze between tissue cells to reach acutor wherever the enemy bacterla are.
Blologlsts can watch this proc.ess through a mlcroscope They can count the
léhkocytes and estlmate thet percentage that are able’to-ingest bacteria,
Lymphacyres are'cells that are formed in the lymph glands as well as in bone
marrow Several types exist, including. Tcells, which adhere to “forelgn
-.cells in the blood and B- lymphocytes "which manufacture 1mmunoglob1ns
(1gG, lgM IgA, lgD and lgE) the protelns that make up antlbodles

. n‘

Experlment MA-032 - SL
Polymorphonuclear Leukocytes P

Whlte blood cells’ were sﬁﬂl&d in seven blood samples taken from each of the
. three :astronauts ‘from 30 days before to 30 days after” the Apollo- Soyuz
mission. (None was taken during the flight.) Because leukocytes are’replaced
in the bloodstream every few hours. ’the samples taken lmmedlately after
. splashdown were the most important. These samples, analyzed on the. recov:
- ery. shlp U S. S New OrLeans contamed lcukocytes f;)rmeddurmg ﬂlght ini-
. zero-g. i - .

Counts showed between 4000 and 14 000 leukocytes/mm3 of blood. Dif--
ferences as high as 6000 were. found between the counts of the three astronauts
at any one time, and a change of 400 leukocyteslmm" in ong-astronaut’s blood
_ was noted during. the 69- -day period. Similar variations are found in all
~ humans, so the MA-032 scientists concluded that the  Apollo- Soyuz flight - .
.caused rio marked changes in leukocyte counts,

" More detailed tests'were nlade ©h leukocytes that had been separated from :
“the blood samples in atest tube, The cells from the splashdown sample werd®
found to have about'the normal ability to cling to blood-vessel walls he
" normal migration (moving ablllty) (These qualmes were measured i ina '
type of test.that shows the clinging and mobility in glass tubes rather than in" ..
.actual blood vessels.) Some of the leukocytes are polymorphonuclear (P
" cells, known to be the most active in attackmg bacteria. ‘They can be recog---

‘ nlzcd ina mlcroscope by a large 1rregular nucleus Wthh can be seen after .

-t

© 9BSCS.Y. Ch. 11;BSCS-B. Ch. 13. - T

L oer




" The leukocytes were tested for ablhty to lngest bactena (Staphy[ococcz) and '

- Experlment MA-031
: Cellular Immune Response

- . X - - . . . VI
B oo v Lo o . . oL

L

e they are starned (See cover phot'ograph ) The fraction of 'PMN leultocytes'

was higher than normal in the splashdown blood samples from the astronauts. -

found to_be normal. , e,
" The Pnncrpal Investlgator concluded that the expenment showed no P

: change in’ leukocyte function (ablhtles) lmmedlately after, splashdown, al- _ PR
* though the leuk0cyte abllltles mlght have been dlfferent 4 oS hourseazlxdf,, S S
" dunng ﬂlght S " o : o

Expenment MA-031 was based on astronaut blood Samples slmllar to. those'

- used in Experiment MA-032, and the whlte-blood cell counts. agreed falrly Co
- well. ExpenmentMA -031 studied the lymphocytes separated from the blood o
© ’ina centnfuge using a special llquld that provides a density gradlent “This . R
R llquld is put in a test tube and the blood’ sample added on top: Then the test L .
N “tube’ is placed in the centnfuge and spun around. The hrghet dens1ty blood o
- cells gre pulled far down irito the liquid by centnfugal action, while the more *
- buoyant lymphocytes remain near the center; all at.one level.: When the test

tube i3 re‘ﬁloved from the centrifuge, the lqu.IId and 'lymphocyte cells- are | |

- sucked out by- prpette Counts showed an average of 2700 lymphocytes/mm"_ :

- before flight, 2000/mm" just affer splashdownp, and 2900/mm? later. More = - -

) than half of these were T-lymphocytes, a quarter were B- lymphocytes, and : o
the rest were **nonreactive ! In the splashdown blood samples, the nonredc- . - L

~tive lymph0cytes were far fewer; otherw15e the counts showedno significant . .7

change. These measurements were different from those taken after the 84-day -

Skylab 3. mjission, when B- and T-lymphocytes were lower in number follow- " '
~ing splashdown. o

"The Pnncrpal Investlgator tested the abllltres of the lymphocytes to func-‘ .

tiori by mixing them ‘with four different antigens.” 7 About- 10° lymphocytes .

were mixed: with each antigeri in a hqul‘d medlum The antlgens were .

.‘ phytohemagglutmm, |pokeweed. mltogen, Concanavahn A, ‘and.influenza

virus. They were incubated for 3.or5 days at3]0 K (37 C; 100° F) and then'_j' - .

++,,**fed!" radioactive thymidine. Thymidine isone of four“code Substancesln.'

deoxyrﬂbonuclelc acid® (DNA) It was made radloactlve by. substltutlng ’ {'
trmum ("H) for ordmary hydrogen (‘H) 1n the thymldme molecu.le “This . -

, BSCSY chi23. . . Gl T
“BSCS-Y, Ch. 28; BSCSB Cho12. ¢ S
J‘ .



I o - . .
; . . e RO . ! .

‘ o -“’H-thymxdme then. served as'a radloaltlve tracer in the DNA made by the . SR
: i lymphocytes ‘After 2 hours in the incubator at 310 K, the: lymphocytes were"' e

- washed onto filters and their radioactivity was measured. The more reactive -~ . | N Tl
'+ lymphocytes had used imore "H—thymldme to make DNA and lhlS gave a e
: :_htgher radloactwe count rate.. - L P
> , ~The résults show a deﬁmte decrease in lymphocyte ablllty to react wrth o R

,.ph,tohenmgglutmm]ust atter splashdown ‘anda day’later “The Concanava[m Y .
- Aability remamed the same on all except Astronaut Stafford’s lymphocytes, e
- where it was-strengthened at splashdown. The pokeweed mltogén and m- o
o fluenza v1rus results fluctuated an showed no conslstent pattem

V/ ,' ' ." ’ '.. . B o ) .,."...' ; i ',‘ B

-G 'Questlons for Discussion - e e T
~ ,(Leukocytes and Lymphocytes) co T R PR

v o 16 If youaresuddenly scared your glands release the hormones adrenalm

R | . and cortisone in yourblood. What then happens to the wh1te-blood cell count .
B (number of leukocytes per cubic mllhmeter) in your blood? "

,.,' . 1. How are PMN leukocytes d1st1ngu1shed from other whlte blood cells" i

' . '18. Just after splashdown the astronauts blood samples showed hlgh '
o whlte blood-cell counts and low lymphocyte counts What mlght account for o
. Ly "'.45‘ 57




.'. i. Dlscussmn T0p|cs (Answers tq Questlons)

L L ' l “(Sec. ZD) If the' mlnnows hadbeen completely sealed 1nal|terof“water, -.
T they ‘would have dled because of-lack of @xygen. However the polyvinyl _

- slow:the minnows’ growtly, but the control groups were: not fed either: Hence,'i‘ :

R PTG ST R R N --1plastu:“breathes”‘ that i is, oxygen .carbon’ | dioxide, and water'lrapor pass’)
T S N 2 through the thin plastic bags lncommg-oxygen from the Apollo cabin atmos-
R S R phere refreshed the water,, and exhaled: carbon dioxide was released {0’ the ~
R TR cabm togethet \Klth a sn?Yamount of water. vapor The lack of food”"4 would -

- the’ effectg of not bemg d were'the same on the fhght fish' and the control PR

groupsoff'sh _n-'

vvertloal..( ig. 2 1) . . o .
A < ; D) The lack of gravntatlonal force mlght alloyy more rapld blood .
o ﬂow and '_lflofe rapld chemlcal reactlons, both of whnch‘ﬁvould accelerate -

N o .' o ' 4 (Sec Zp)A mlnnow w1thout vestlbular organs would probably depend

' ‘onehta i

R

w:thmorefpod " R

(" g .
.\..,_ R

(Sec 3C) Not all the mlcrobes of one specnes ltke Streptorﬁyces Ievorts -
: : bchave exaclly the same. The combined results from’ four to exght cultures ;.
. SRR .. would be more rehable than the results from any -one' ‘culture. ‘The ‘ground * y
) UL contrels weré necessary to show the drﬁ’erence in verage behavtor between' o

, .zero-g and one-g. . .. ' . LT L .
} . . . . _ - . 'f'"
e T .

Y A (Sec 30) Placmg.severalcwesofSUeptom ceslevow 1nalow speed '

. -centnfuge for I'to'5 minutes while a spore ring is in the process. of formiation
) mlght show the effect of: Apollo s 3-g dl:celeratlon before splashdown

Ve e e T T 8 (Sec 4E) Thermal monons in: the - buffer solutron of a stattc elec-‘_

L small compared to the effect of convection. cun'ents

L - e 2. (Sec 2D)The mlnnows in Compartment2had been precondmoned with - '
o " - ‘Vertical #tripes in thelr tanks. If the lighting were uniform, one ‘of thege"‘ :
- minngf sWoultil!probably swrm around next toone of the stnpes as1f the drum C

I
¥

on lt“s(eyes andswim with -its back toward the light, both in one-g-and in" -~
_ 'o'g ,It —would not loop in zero- g if there were a steady llght to provnde-_. ‘

.S, (Sec "3(,‘) TheSt}eptomyces levoris colony “expects” its food torun out . iqi o
: -afte; ltho 15¢ llbul's  growth along.the surface. Therefore, it produces spores- NS S
thab*can 'stan anew colony after bemg blown’ by the wtnd to some other place ' )

-trophoresrs column- smear the separati ‘bands s11ghtly Thrs smeanng is. .

7




» _' column the separation bands step moving. They can be observpd for.several |,
% . miinutes:but slowly d1ssrpate because of convectlon currents and therma!
o _', mo!" n,(drffusxon)- S :

P 10 (Sec 4E) If a. frozen sli
- .-Jmof Kidney. cells- (together with:'thie" buffer SO
.. ever, ‘the proportlon of the wanted cells has been’ greatly ing ased over the"
0 o ongmal sample. Usmg this melted slice as the sample ina second run, the

*frozen slice of the next separation band will contam a higher propomon of the "

~“wanted  cells. Slmllar improvement cdn be achieved - m free-flow . elec-

second run.

o

exposed surfaces

12 (Sec. '50)

Esklmos 1mmumty to. certam bactena and virusés

carned by the explore wis low because’ they | had not yet been exposed to. .
those particular mictbi ganisms. The explorers and trappers ‘were: usually"". .

- reslstant (1mmune)t he mlcrobes they camed o ‘_;‘.-. .

b‘ 'ble Even partlal stcnllzatlon of astronauts and spaCecraft would
~because it would destroy the balance among microbes, map;an
lmmumtles After such an attempt, the astronayts’:immunities eould slowly‘.'

‘ wear off and they could catch many dlseases on retummg to Earth. :

13 (Sec 5C) Stenhzmg an astronaut (or any animal) is v1rtuallk possr-_j

14 (Sec 5C) lf one type of mlcrobe tends to dle off cultures of that'

E reduced by cleanmg exposed surfaces

15 (Sec~ 5C) If the balance of mlcrobes were-not mamtamed on a longl
space ight, the astronauts couldp lose theiri umty to the mlcrobes that died .
out an become more wulnerable _to thos;:lrzn

16 (Sec 6C) The whlte blood cell count mcreases because the hormones_."_-:_- S
" cause changes in thé blood vessels. Leukocytes from the small blood vesss:ls_.'- ;

o enter the main bloodstream L

Aruitoxt provided by Eic:

9 (Sec 4E) When ‘the voltage is turned. off on a Sstatic electrophoresls

ofthe cellsl one separahOn band (Fig 4, l). e SN
TR ion) is melted there, is an ‘
PR “admixture of some unwanted cells from. the nearby separahon baiid.. How-. -

- ,trophoresls by usmg the outﬂow at “A" m Flgure 4. 2 for the’ sample in a'

dnwise .. - -
man’'s -

_microbe could be carried i in mcubators -on.the spacecraft: and relea m-.
hme to time. Just before such releases, the overpopulated specles could be :

1crobes on retummg to Earth D
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Aruitoxt provided by Eic:

17 (Sec 6C) The PMN leukocytes form one of ﬁve classes of whlte blood_

sh’owed the same effect BlOlOngtS think that spacefhght somehow causes an
‘- increase in whwe-blood-cell count and a decre’ase in-the lymphocytxcount

 blood cells. The corticosteroid treatment that: was admlmstered tq.the"i.'
' 'Apollo-Soyuz astronauts just after splashdown because of their painful expo-

- sure to jet fuel in the Command Module dunng reentry ptobaby accounts for -
the prolonged reductlon in lymphocytes. R \ '
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: cells._They are recogmzed by thelr complex nuclel when vnewed in a mlcro- el

18,.‘ (Sec 6C) Blood tests at the concluslon of preWous space mlsslons-all’ T

"The excltement of feturning to Eanh amay account for the'i increase in white,’ -



. j-‘"-"lntomatlon#l System (ShUnits - - N T
> -"Names, symbols. and conversion. factors of SI umts used in. these pamphlets S ST e

L R

% Quantity | " Nameofunit - - Symbol- Conversion factor

ST . Y TR oo :
L _'Di'staﬁce./ Lo meter - - C s mc "'0 621 mlle
N S R = 3286
Coe T T lcm—0394m .
o BT B “1'mm =.0.039'in. - - :
3 ly.m—-39><'10""m—10‘A
L lnm— 10A T

. kilogram . .- * . oo kg "ltonne —'l 102 tons '

S . . o Clkg= -2.200b < '
_".'- lLgm= 000221b—003501 R
. 1mg=2:20 X 1078 1b- ,3_5‘x1107"oz“;_'

Ly l'=3156><107-"">¢-'4*:
l hrl=j 3«” sec

Timefl,‘;";g [ »"s.ccc.):nd

'.a

 \Temperatre . . kelvin ' .. o K 23K =0 C= 32°F -
L 373K—100°C—212°F

"Ai-t_-,a‘f,' R square mqt‘ér. o . wm2 | m_’-= 10¢ ¢ cm 108ft’

BT

"_Vol‘ixmt: B - cubic meter, Co m3 ‘ _l‘m‘i =108 émd = 135"ft'3 :

vFv'é"]‘,‘ef‘»C);": - Héﬂl": - : R Hz : 1l‘lz="lc)'cle/sec ot
oo o7 ULMHz= .10°.cycleslsec-, S

‘&414'

. kilogram pef e S kg/m? - 1 kg/m? = 0. 001 gmlcm"
. ¢+ cubic meter T e lgm/cm" = densnty of water

,‘-."’Spe'ed_,_ve!oci:ty,;'v : - tneter\iér sé‘cond — R m/sec = m/sec =_ .3';28_ft/stt_¢; e j' U
L T V. L ) Lo 1 km/sec v-—f:'2240"ljni/ht‘, Lo el

Force .. . mewton - 7 - " AN 1N= 10 dynes = 0.224:Ibf

T -
. ' . o . o




. PO

" Nameofunit

'”:"~.nc‘vvton per squam
meter

CEneny 0 jouke

b : |

J = 0 239 calone

?

-.'."-Phét‘-):hj"‘:“élfgy "?lectﬁoﬂ‘{.dl't."'

W et

1eV—160x 10-191 1]-— 101Cl'g

1W—1.l/sec

’_A(omlc:mass: - -~ atomic mass unit,

' \ o IR

) Lamii= 166 X 10kg S

Cus\omary Un[ts Used Wlth the s| Uﬂlts":!,:",.':'_ e T T

bol 'CohverSji)h fa_c”t'i)'r'-'v ‘, '

"'Quan\ty R '. - Name of umt

" alllgst_rom

\1 : 'R = Glnm = 10—mm . B

o ofgraviy \ ' .
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1/100

001

0. 001 .

0% = R - '..1_0-3«,:= 1/1000

104 1000@ etc. e 7 10-4 = 1/10000 00001 etc.
Examples : '.f . | Exa'lmple'- .
”2x10° zoooooo ‘ 567x10~" 00000567
2 x 1030 2 followed by 30 zero.; ‘;_




o _esare' mcluded in the entties. Those in'iralic type are. th
O aerobie ""icrobes those mlcrobes capable of hvmgm the p

: antigen a substance that causes (he pmducnon of anubodles by lymphocytes
‘in (he human body (Sec 6B)

e face Sée- Pamphletl o '
T AR 002 the joint - lme/t. M roblal Exchange on the ApollorSG uZ..
VR ‘mi /rr.’CS/sI' 5A 58:. Flg:‘ig t.105.4) : '
3 —B aokup crew a crew zh‘dlned to replace the’ .prime. créw, 1f necessary There
' " 'were.threé astroniits and two cosmonauts in.the backup' crews tk'amed and T
.., o Teady 10'substitute for’ “Apollo and Soyuz crewmembers in case any'crew: . o
ST T e BT 'membergotslck or was lnjuredbefore Iaunch 50 that he couldfnofmake the' -
e gt (SECT S A ig.’5.4)". - R, ‘
ool e ‘band the“separa band®’ -in an’ eIectrophoresls static column In_‘Wthh all
S e e " thecells of on¢ type movs,alvng the column (Secs 4to4B App A, nos 8
wen o o oo "7 - 19 10; Figs, 4.1. 4.5) e
R S "/buffer solution the liquid aterwnh several grams,of vanous salts perlner)
. , through which Cells. are . moved by electrical forces in eIectrophoresls
T Tl (Secs. 4.74A 10 4E; App: A_,nd\ 8.-10% Figs. 42/4 6) :
N e Candlda alblcans a yeast- lype‘ {s  § &
S (Sec—jB)‘ % i e . . AR N
o * L ."" cathode a njﬁ;llw/chdrg@f I,ue or |re i a vacuum tube or eIec-."h o '

tro horgsl umn (Se' Flp 4 I. 4 2 4 4)

_ force on this: matenal can be made to equal many t: i A high- speed . :
o cenmfut,e c.m separate cells lndllquld)accordmt, tothe densny ofeach kmd' R

E]{[lc S

Aruitoxt provided by Eic:
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T After coqhng ‘

o LA, 1i0S. 8,19y
S, _.'cosmic ray--an- ely.

el T Pamphlet VI. (Secs Iy 3B) . S

R cul;ture a colony of celis’ grpwn ona nutrient medrum under controlled

; condmons inan mcubato 'I_‘heculturemedmm provrdes food forthecefls"' '

g-force the force of: gravity, on the Earth’s surface 1t is one g In orbrt there', S
~i$°no force (zero-g) When a spacecraft is- acceleratefi dunng launch or . ..
decelerated/dunng reentry, everythlng msrde it. experwnces a f0rce that-.._:'._ a
may. be as hrgh as:3 g's.: (Sec..3B App.- A nos. 3, 7) S e

Haemophrlus a genus “of* mrcrobes Several specres are.

humans (Sec SB Frg 5. 4) SR

Aruitoxt provided by Eic:



"KSC the N

ﬂ:juvemle a mlurfow 204 gveeks old, about ohe thud as large as fuill- gmwn -
~fish; llsed‘m the ‘MA 161 Expenment. (Secs 2,2At0 2C) "gke ktllzf sh.

‘ kllhf'slt the small1 ‘ows (Fundulu heteroclltus) used in the MA- 161
lE.xpe:l'lmeht-«g (Sec' -.;l 2.24,2B,2C; Pp-.A,mo0s. | to4 Flgs 2.1, 2 2

) .
”'l'lables 2 2) Sée: e/mb(yo, hatchlmg,. ]uvenile

;- where, the Apollo spaCecraft was; launched on'July 15, 1975, .’ . °

A John’ E; Keﬂned}' SpaceiCeiter at Cape Canuveral Flonda, Cov o

v

eukbcytes whne ‘bloed ocells ige hUmag blood The PMN leukocytes are "L

artiCulirly’ ffective in ‘f’ghtmg n‘hcrobes in’the body. Leukocytes ;:
bo i

N used in the'MA 0'11 Expenment we
o log,, loganthm't’o base 10 Logi“lO j"

Cellular lmmune' Rcsponse Expenmem ' (Secs l“
A A-l)32 'the e expenment concemmg the- Effc

- ullcrobes mncroScoplc orgamsrus, some of whnch cause &1sease : M'any m' -
v _crebes/_fgundmhnd on.the l?hman,}body, (Seos l 5 SA,5B; App A
no"ﬁ tblSF 5.1




.-..l ; ‘ ) ; 1] A‘\'\‘ . o ' v'.
' : ) o ' * ;" - ~ "ﬁr.
N .. i w K ) '
. oAt T 7._' Do “ ;3}, s
SR O R LR
e i mltogen a nonspecrfrc substance (lrke a plant seed) that Causes lymphooytes . - e
SLEET o produce angbodres (Sed:; 6B o oL
Q Yo .w mutatlon achahge in the DNA “code,'.’ usually caused by a cosmrc ray TS R P
oo . passing through the nucleus. of a ‘cell. that contyols development. The: LR L .
L 3 e dcvelopedorg\amsm amutant.drffers from others.m stsspe,cles‘\(Sec 3B)., M e R
FE S, nbtollths thé three small calcium “earstones iin the vestrbul%r organ of the S L
(3 ear, (Secs. 2, 2A, 2C) See vestibula. .-~ - - ¢ ‘ o
p'rfrl dlsh a shallow-dish of glass or. plasnc used to hold ﬁ'culture medtum .‘ R .
(Secs. 3A, 3B; Figs. 3.§10 3.3) o :

e lﬂ\owmﬂ’ér an rnstrument that useselectncal voltage to measure the mtensrty
. ¥brightness) ‘ofjlight. (Sec: 4D) - fe e
PMNﬂqykocyteg polymorphonuclear cells —t’né' rnost acth/e type of wh:te»
blood cells. (Secs. 1, 64; App. A, no. 1 C
Prlnclpal Investigatoi the individual responsrble for a space expenment and
for reporting the results R T <
quantltatlon a numbeF that best represents the statrstrcal results of blologrcal, '
. measurements involvmg many individuals. (Sec 5A; Figs. 5.2t 5. 4) ' . )
“radioactive tracer a chemiical compound containing radioactive-isotopes ( of R
" anelement which cay) be followed through complex biological processes by ©
o counting the radioaftive drsmtegratlons of the. 1sotope (Sec. 6B) o
v . . . salivathe liquid in the ht{man mouth secreted by glands back of the lower'_' BERES '
a " mdlars. It contams water drgestrve chemlcals and lymphocytes (Secs o
5A, 5B) - \ SRTNES TR e
Skylab a very large space}workshop that NASA put into orbrt on May 4, 0 S
¥ 1973,.dt-was visited by-three astronaut-crews ‘who worked on scientific RS s
. - .expe?‘r'rxnenf,s in $pace for a total of 172 days (Secs 2, 2A, 6B) : ' :
oo o sporeasn‘iall seed-germthatcan grow into a microbe ord plant suchas a fern.
. _U: }' - Sporgs of -Streptomyces:; Hevoris were observed in Expenment MA- 147
W (Secs. 3A, 3B; App. A, nos. 5, 7; Figs. 3.4, 3.5) . ‘ ‘
o~ Staphylococ(:us aureus a'type of bacteria generally found in the nose and on . L s
N ~ the-skin of humans. (Sec. SB) ' . > NN L
S static cglumn the motionless hqurd contammg a\sample mr)g of cells tobe ... e
oL pgted by electrophoresrs ‘(Se\cs 1, 4 4Ato 4C 4E App A nos. 8to-- R b
;47 10iFigs. 4.1, 4.3104.5) S T T e
. stenllze tokill all (oralmost all) mrcrobcsmand‘on anob_rcct usually by hrgh DA VR
&;\ temperature or fumrgatro\/wrth porsonous chemreals (Secs 5, 5B; App , e ¥ s
 @Ano 1y o Cyn o
e Strgptomyceslevons afunguslrke mrcroorgamsm used in the MA 147 Expera‘ . .
.-@mcm (Secs.'3, 34, 3B; App. A, nos. 5 to 7; Figs. 3.1,3.2,3.4,35) .- - 7
- -awad of cotton used in the AR- 002 Experiment to collect microbes from . =~ 7. .+
crew \embets’ hair, skin, ears, nose, and throats and from surfaces in the ol “ ‘
space aft. (Secs 5A“5B Frgs 5 ltoS 3) S B S
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A -"the “vw{buiar sense.'’ (Secs. 2, BA toiC App.

» o off objcé?s
.A_._f\.) 4B ‘4]3 A;Pp.»A nos. 6 ‘Flg 46)
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raan in the ear tha&provndesﬁ sense Qf “w'\nch way'“lg down
bfg}'avny) 5 isthus responsible for the sense of bzﬂmcc——-
* no. 4; Kable 2.1)
welghtlessness ithé condition of. fy:e fgll of zero§, in whlch objects In"a.
.~ spdtecraft ag weightless. (Sags. 1, 2, 3 3B, 4A)See zero-ghi.
zeyo-g the ¢ ‘hdmon of free fall &ind welghtl&snesgi When thié¥e are no forces

Y spacecrqj’t they are **i@2aro-g.”’ (Sgcs.

L2, 2@3 3B'to }'i,ﬁ;ﬁq
’ vRt

‘”.
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BRI Is Thts Your Day?-The B:orhyrhm szle by George Thommen Avon Press; e,
e © {New York), 1976—how mathématical appllcanonsareused to'describe the.. 4 -t
blologlcal and socnologlcal scheme of things; biorhythm and how it works.” /0 v

szmg in Space by M. R. Sharp, Doubleday&Co Inc. (New York) l969— RN T
W well-lllustx‘ated survey of sgace blology that descnbes wenghtlessncss. LR
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